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SPECIAL NOTES 


1. API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL 
NATURE, WITH RESPECT TO PARTICULAR CIRCUMSTANCES, LOCAL, STATE, 
AND FEDERAL LAWS AND REGULATIONS SHOULD BE REVIEWED. 


2. API IS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, MANU- 
FACTURERS, OR SIJPPLIERS TO WARN AND PROPERLY TRAIN AND EQUIP 
THEIR EMPLOYEES, AND OTHERS EXPOSED, CONCERNING HEALTH AND 
SAFETY RISKS AND PRECAUTIONS, NOR UNDERTAKING THEIR OBLIGATIONS 


UNDER LOCAL, STATE, OR FEDERAL LAWS. 


3. INFORMATION CONCERNING SAFETY AND HEALTH RISKS AND PROPER 
PRECAUTIONS WITH RESPECT TO PARTICULAR MATERIALS AND CONDI- 
TIONS SHOULD BE OBTAINED FROM THE EMPLOYER, THE MANUFACTURER 
OR SUPPLIER OF THAT MATERIAL, OR THE MATERIAL SAFETY DATA SHEET. 
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GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE MANU- 
FACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR PRODUCT COYV- 
ERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING CONTAINED IN 
THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST LIABIL- 
ITY FOR INFRINGEMENT OF LETTERS PATENT. 


5. GENERAI.1Y, API STANDARDS ARE REVIEWED AND REVISED, REAF- 
FIRMED, OR WITIIDRAWN AT LEAST EVERY FIVE YEARS. SOMETIMES A ONE- 
TIME EXTENSION OF UP TO TWO YEARS WILL BE ADDED TO THIS REVIEW 
CYCLE. THIS PUBLICATION WILL NO LONGER BE IN EFFECT FIVE YEARS AF- 
TER ITS PUBLICATION DATE AS AN OPERATIVE API STANDARD OR, WHERE 
AN EXTENSION HAS BEEN GRANTED, UPON REPUBLICATION, STATUS OF THE 
PUBLICATION CAN BE ASCERTAINED FROM THE API AUTHORING DEPART- 
MENT (TELEPHONE (202) 682-8000]. A CATALOG OF API PUBLICATIONS AND 
MATERIALS IS PUBLISHED ANNUALLY AND UPDATED QUARTERLY BY API, 


1220 L STREET, N.W., WASHINGTON, D.C, 20005 
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FOREWORD 


This foreword is for information and is not part of this standard. 

Chapter 14, Section 1, of the Manual of Petroleum Measurement Standards, discusses 
proper natural gas sampling systems and procedures. It incorporates guidelines and 
tecommendations for obtaining representative natural gas sampies safely. 

API publications may be used by anyone desiring to do so. Every effort has been made 
by the Institute to assure the accuracy and reliability of the data contained in them, however, 
the Institute makes no representation, warranty, or guarantee in connection with this 
publication and hereby expressly disclaims any liability or responsibility for loss or damage 
resulting from its use or for the violation of any federal, state, or municipal regulation with 
which this publication may conflict. 

Suggested revisions are invited and should be submitted to Measurement Coordination, 
Industry Services Department, American Petroleum Institute, 1220 L Street, Northwest, 
Washington, D.C. 20005. 
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Chapter 14— Natural Gas Fluids Measurement 


SECTION 1—COLLECTING AND HANDLING OF NATURAL GAS SAMPLES 
FOR CUSTODY TRANSFER 


14.1.1 Introduction 


Measurement is the cash register of the natural gas indus- 
try, Metering. sampling, and analysis are the three equally 
critical functions required to accurately determine the value 
of a natural gas stream. If procedures ot results in any of 
these three critical areas are inadequate, the calculated value 
of the stream will be inaccurate. This standard concentrates 
on proper sampling systems and procedures. Analyses from 


he ‘samples collected 


the sampics collected u 


aid procedures 
may be utilized in many different ways, including the fol- 
lowing: 


a. Calculations to determine the gallons per thousand stan- 
dard cuble feet (GPM) of recaverable Hauid oroduct fro 
daid cubic feet (GPM) of recoverable liquid product from 
the stream, 

b 
stream. 

¢, Compositional information, such as determining whether 
or not the stream meets contractual specifications. 


of co 


T 


tions for obtaining representative samples safely. This stan- 
dard also should be useful as a resource document for 
training programs. This standard attempts to consider both 
sweet and sour gas streams as well as high- and low-pressure 
applications. Rich or lean streams and streams that may be 
water wet or relatively dry are addressed. 

Tt is nei the inieni of ihis standard tv recommend any par- 
ticular supplier or brands. 

Although econc 


hough eco 


regulatory, compe 


eulaiory, comp 


nal, and con- 
tractual considerations must always be evaluated and identi- 
fied, samples should be collected on a flow-proportional or 
flow-weighted basis whenever possible. Spat samples, by 
their nature, cannot fully represent a gas stream of varying 
composition. Likewise, time proportional samplers, particu- 
larly if they continue to sample even when flow has stopped, 
are not capabie of accurately characterizing natural gas 
streams with variable flow rates or compositions. 


14.1.2 Purpose and Scope 


The purpose of this standard is to provide a concise guide- 
line for properly collecting, conditioning, and handling rep- 
sesentative samples of natural gas streams. It considers spot, 
composite, and continuous sampling systems. This standard 
de 
multiphase flow. 

This standard includes comments identifying special areas 
of concern or importance for each sampling method in- 
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cluded. This standard is intended for custody transfer mea- 
surement systems and may he applicabie to ailocation mea- 
surcuicnt sysicms, 


ns 


The following standards and code are cited in this standard: 


Gra! 
Std 2166 Obtaining Natural Gas Samples for Analysis 
by Gas Chromatography 
Std 2261 Analysis for Natural Gas and Similar 
Gaseous Mixiures by Gas Chromatography 
U.S.DOT? 


49 Code of Federal Regulations 


14,1.4.1 An isokinetic probe is a device that penetrates 
the pipeline and samples at line velocity. 


14.1.4.2 A hot loop (slip stream) is a system that provides 
for a continuous flow of sample at or above the gas line tem- 
perature. 


14.1.4.3 A floating piston cylinder is a vessel which has 
a moving piston that has its forces balanced by a charge pres- 
sure. 


14,.1,4.4 A sampling separator is an exp: 
14.1.4,4 A sampling separator is an ex 


sampling linc used to collect liquids. 

14.1.4.5  Flow-proportional composite sampling collects 

gas over a period of time and at a rate that is proportional to 
£1 


14.1.4.6 Continuous sampling systems provide an unin- 
terrupted flow of sample to an analytical system. 


14.1.4.7 The water dew point is the temperature at a spe- 
cific pressure where water vapor condensation begins. 
14.1.4.8 The Aydrocarbon dew point is the temperal 


a specific pressure where hydrocarbon vapor condensation 
begins. 


14.1.49 Retrograde condensation or retrograde vapar- 
ization is the reverse of the usual behavior whereby such 
condensation is caused by a decrease in pressure or increase 


'Gas Processors Association, 6526 E. 60th Street, Tulsa, Oklahoma 74145, 
The Code of Federal R: 


available from U.S. Government Printing Office, Washington, D.C. 20001. 
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in temperaue: Retrograde vaporization is caused b: 
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an in- 


i 
, 
i 
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only in mixtures. 


14.1.5 Sample Probes 
14.1.5.1 GENERAL DESIGN CONSIDERATIONS 


ned samplin seen re 


A well-des sampling sysicm requi: 
properly installed sarm ample probe. There are several designs of 
sample orohes available. Each design has its own advantages 
and disadvantages. The purpose behind any of the designs is 
to provide a device that will collect as true a sample of the 
gas flowing in the line as possible. The design also must con- 
sider the possibility of resonant vibration being induced in 
the probe by high flowing velocities in the pipeline, Gas 
lines with streams free of entrained liquids and at flowing 


use Ata 
use of a 


com 
sampled with any probe design. Lines that are operating at or 
near the gas stream’s dew point, however, require special 
probes designed to overcome the problems of condensation 
and liqnid particle entrainment in the gas. In selecting a sam- 
ple probe, the first step is to determine the type of flow in the 
line (see 14.1.6), and then to determine the proper sample 
probe for the application. 


8 Well above their dew point temperatures may be 


14.15.22 APPLICATION 

Sample probes and other components of sampling systems 
should be designed to deliver a representative sample of the 
flowing fluid. 


14.15.3 TYPES 
14.1.5.3.1 Straight Tube Probes 


The most basic sample probe design is the straight tube 
probe shown in Figure 1. Once installed, the probe should 
extend to the center third of the line. The probe may be at- 
tached to a fixed coupling system or to one that allows the 
probe to be removed completely. In either case, a regulator 
or other fitting may be attached ta the out-flow end of the 
probe and ils isolation valve to allow for connections for ei- 
ther composite sampling or spot sampling. All of these fit- 
tings must be rated for the intended line pressure and 
temperature. The materials must be suitable for use with the 
product, its contaminants, and ambient conditions. Modifica- 
tions to this basic design are numerous. Some modifications 
include fins that are used to increase heat tansfer between 
the gas sample and the flowing gas. The fins help maintain 
the gas sample at line temperature. Also, filters and shrouds 
are often added to the collecting end of the probe to reduce 


the possibility of small Hquid particles entering the probe. 
The collection end of the probe may be straight, tapered, or 
beni. The orientation of the collection end of the probe is not 


important. 
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Figure 1—Straight Tube Sample Probe 


14.1.5.3.2 Reguiated Probes 

The other type of probe design in common use in the gas 
industry is the regulated probe. These probes are commonly 
used with continuous analyzer systems and are designed to 
deliver the gas to the systern at reduced pressure. An iliustra- 
tion of a typical probe is shown in Figure 2. In the probe’s 


most basic form. it is a straight tube with a piston or other 
most basic form, it is a straight tube with a piston or other 


mechanism attached from the regulator to the sample collect- 
ing end of the probe. Fins may be used on the probe te in- 
crease heat transfer to the sample gas after the pressure is 
reduced, If retrograde condensation is possible, then conden- 
sation of the sample gas could occur in the probe and a non- 
Tepresentative sample would result (see Figures 34 & 3B). 


14.1.5.4 
14.1.5.4.1 


INSTALLATION 
Location 


It is recommended that the collection end of the probe be 
placed in the middle third of the pipeline. This position re- 
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Claphragm =, 


Connecting rod 


Figure 2—Typical Regulated Sample Probe 


Copyright por American Petroleum Institute 


Sat Nov 03 21:40:58 2001 


API MPMS*14.2 93 MM 0732290 0536431 3145 


4 Cuapter 14—NaTurAL Gas FLuins MEASUREMENT 
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Figure 3A—Typical Pressure-Temperature Diagram of a Processed Gas 
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moves the probe from an area in the pipe where it is most 
likely to encounter jiquid particies. It is aiso recommended 
that probes should be located a minimum of five pipe diam- 
eters do 
elbows, headers, valves, flow elements, and tees. Sample 
probes shall be located in the top of the sampled piping. 
Probes and the related tubing shoutd be installed so that liq- 


uids will not accumulate in the probe or sample lines. 


m any flow-disturbing elements 


14.1.5.4.2 Heating Elements and Regulators 


Heating elements may he installed on the sample probe 
and lead lines. In some cases, heating the sample cylinder is 
also required. The purpose of these elements is to ensure that 
the sample gas remains at or above the gas line temperature. 
Heating the gas will help keep the heavy end components in 
the gas phase and allow them to be accurately accounted for 

dP, 


quired in a sampling system when the sample gas is contin- 
uonsly delivered to a lower-than-line-pressure receiver. Care 
must be taken when using a pressure regulator so that the gas 
does not undergo a phase change when the pressure is re- 
duced. If the gas changes phase and condensation occurs, a 
Tepresentative sample will not be obtained. 


14.1,6.4.2.1 Electrical Heating 


Electrical heating elements should be self-limiting. They 
must also meet the requirements of electrical codes for the 
area in which they are used. These requirements ensure that 
a heating element does not overheat if a failure in the electri- 
cal components occurs, Overheated electrical components 


could cause injury or an explosion in a natural gas applica- 
hon, 


14.1.5.4.2.2 Pressure Regulators 


Pressure regulators must have a pressure rating that ex- 
ceeds the maximum expected line pressure of the gas sam- 
pling system. Regulators should be constructed of materials 
that are not reactive with the gas being sampled. Regulator 
design and operation must not cause condensation. One 
method of reducing the possibility of heavy end condensa- 
tion in a pressure regulator is to use a heated regulator. This 
type of regulator should be designed to supply enough heat 
during ihe pressure reduciiun to keep the heavy ends from 
condensing. In general, the amount of heat energy will de- 
On, pressure, and temperature. 


14.1.6 Flow Characteristics 
14.1.6.1 GENERAL 


The flow in a pipeline may be laminar or turbulent. It can 


be a single or a multiphase flow. Most gas streams are tw 


be a single or a multiphase flow. Most gas streams are 


lent, single-phase flaw. Twao-phase turbulent flow may also 
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be found in gas lines where the fluid is near saturated condi- 


tions. For exampie, the flow from a gas liquid separator will 
be near the gas dew point, and a reduction in line tempera- 


1 cause some condensation to occur, rcs 


flow becoming two phase. Laminar flow will not normally 
occur in a gas line because the gas viscosity is low and the 
flowing velocities are high enough to ensure that this will not 
happen. However, depending on the design of the sampling 
system, laminar flow could occur in low-flow rate sampling 
lines. This laminar flow condition should be avoided. 


14.1.6.2 TURBULENT FLOW 


In general, turbulent flow is advantageous in a sampling 
system and in the gas line to be sampled, because the fluid 
turbulence creates a well-mixed fiuid. The mixing action of 
the ferouent flow will reduce the possibility of gravity sep- 
ture. In two-phase flow, increased tur- 
bulence levels due to mechanical obstructions such as valves 
and elbows can cause any liquid phase present to become 
dispersed in the flow and enter the sampling system. This 
liquid loading in the sampling system may cause equipment 
problems and may also produce a nonrepresentative gas 
sample. 


14.1.6.3 TWO-PHASE FLOW 


Sampling of the two-phase (gas and liquid) mixtures is not 
recommended and should be avoided if at all possible. In the 
two-phase flow, the ideal system would mix the gas and liq- 
uid flows uniformly and collect a sample of the true mixture 
flowing in the line by using a properly designed sample 
probe and an isokinetic sampling system, Current technol- 
ogy of natural gas sampling is not sufficiently advanced to 
accomplish this with teasonable accuracy. When sampling a 
two-phase liquid-gas flow, the recommended procedure is to 
eliminate the liquid from the sample. The hiquid product that 
flows through the line should be determined by another 
method. The liquid fraction of the two-phase flow may con- 
tain water and hydrocarbons. The Hydrocarbons can con- 
y {measure a Bat 


sh 
(aeasured in British 


tribute 
thermal units) content of the gas ‘aid their presence in the gas 
line must not be overlooked. 


a the 
cantly to the 


14.1.7 Sample Loons 


14.1.7.1 GENERAL DESIGN CONSIDERATIONS 


The sample loop is the part of the sampling system that 
conveys the gas from the sample probe to the sample con- 
tainer or analysis device and then to a lower pressure point. 
Sample loops should be designed to deliver alrepresenlative 


sample of the gas that is lowing in the pipeline at any given 
time. 


ing this requires the flow rate in the sample 
loop to be relatively high and the length of the loop to be 


cs cl SS SSS se ena ns lM A cS 
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short. Excessively high flow rates may cause liquid particles 
present in the pipeline to be drawn into the sample probe, 
Sample loops that purge to the atmosphere should not be in- 
stalled because high flow rates will cause unacceptable 
amounts of gas waste and violation of environmental regula- 
tions. In addition, high pressure loss in a loop may cause 
cooling and condensation, which will affect the accuracy of 
the sample. Excessively low flow rates will not provide a 
real time gas sample and may cause gas separation and 
heavy-end drop out in the loop (see 14.1.15.2.2), 


14.1.7.2 PRESSURE DROP IN A SAMPLE LOOP 


Proper operation of a sample loop requires a pressure dif- 
ferential fram the collection end to the discharge end. This 
pressure differential may be produced with an orifice plate, 
regulator, or pump. Attaching the ends of a sample loop 
across a flow restriction will provide a pressure differential 
to the sample loop that is proportional to the flow rate 
squared. This arrangement will provide a flow in the sample 
loop that is proportional to the flow through the orifice. Cus- 


meter. 


Pressure regulators are used in sample loops fo reduce the 
gas pressure from pipeline pressure to receiver pressure. 
Care must be taken when using a regulator to ensure that the 


densation may occur 


gas di 
even if the gas is maintained at pipeline temperature (see 
Figure 3B). Varying amounts of heat are required during a 
pressure reduction to ensure that the gas does not condense. 
The amount of heat required will depend on the gas temper- 
ature, pressure, and composition. 


14.1.7.4 PUMPS 


vide steady flow wi 


muptions. 


14.1.8 Sampling Intervals 
14.1.8.1 GENERAL CONSIDERATIONS 


A sampling system should provide a sample representa- 
tive of the gas flowing in the pipeline. Since pipeline flow 
rates and compositions may vary with time, a sampling inter- 

vai should be carefully cho: 


val should be carefully chose 


Teflects these changes. 


thet the collected samoh 


80 that ine collected sample 


14.1.8.2 COMPOSITE SAMPLE INTERVALS 


Tf possible, flow rate proportional sampling should be 
used for composite sampling systems. It is especially impor- 
tant fo use fiow proportional sampling if both the fiow rate 
and composition change, For example, if the flow rate is 


stopped and the sampler continues te collect a sample. then 
stopped and the sampler continues te collect a sample, then 


the composite sample will have some part of its gas collected 
when no gas flow was present. If this no-flow composition is 
different from the average composition, the sample will not 
be a representative sample. Time-proportional sampling may 
be used and will provide representative samples only if the 
flow rate is steady over the sampling interval or if the com- 
position is stable over the sampling interval. 


14.1.8.3 SPOT SAMPLING INTERVALS 


have d 


Generally, gas pipeline compo 
monthly, semi-annual, and seasonal variations. Composi- 
tional variations will also occur because of surface equip- 
ment and gas reservoir changes. All of these environmental 
and operational considerations must be taken into account 
when selecting a sampling interval for a spot sample. Spot 
samples will produce accurate and representative composi- 
tions oniy if the product composition is stable within the ac- 
counting time frame. 


14.1.9 Condensation and Revaporization 
14.1.9.1 GENERAL CONSIDERATIONS 


Condensation and revaporization of hydrocarbons may in- 
troduce significant errors into a sampling system. In general, 
rich gas streams will cause more of a probiem than jean or 
processed streams. High gravity gas may not be a condensa- 
tion problem if the high gravity is due to the presence of in- 
erts such as carbon dioxide or nitrogen. A gas with 
significant amounts of heavy hydrocarbons will have a hy- 
drocarbon dew point that is high enough to cause condensa- 
tion with even a small change in temperature. Additionally, 
depending on the pipeline pressure, retrograde condensation 
may occur if the pressure is reduced with the temperature 
heid constant (see Higure 35}. Care must be taken to ensure 
that all condensed gases are revaporized when a gas sample 


zed ina laboratory (see 14.1047) 
zed in a laboratory (see 14.1.7}. 


14.1.9.2 HEATING AND INSULATION 

Condensation may occur in cither a composite or spot 
sampling system. In order to avaid this problem, the sample 
handling equipment temperature must remain above the gas 
dew point at any pressure in the sampling system. ‘This may 
be accomplished by heat tracing lines and insulating the sys- 
ing heated sample probes, or employing some other 
means of delivering heat to the fluid. 


icin, 


ee 
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14.1.9.3 CONDENSATION EXAMPLE 


Consider the reduced-pressure method to illustrate how 
condensation occurs (see 14.1.14.2.2). At the point where the 
gas sample begins to enter the sample container, one is in- 
structed to fill the container to the desired pressure. If the 
dew point curve for the gas bei 
Figure 3B, then it should be noted that the gas could start 
condensing if the ambient temperature is below dew point. If 
the container is allowed to fill with the sample below this 
temperature and at line pressure, then condensation will oc- 
cur in the sample line and a representative sample will not be 
collected. Condensation may be avoided in this case by heat- 
ing the sample loop or by using the sample probe valve ta 
control the pressure. When using the sample valve to control 
pressure, the sampie system pressure shouid noi be aliowed 
to reach dew point as shown on Figure 3B. 


amipled is represented by 


14.19.4 CONDENSATION AFTER SAMPLE HAS 
BEEN COLLECTED 


A gas sample could condense in the sample container 
when it is being transported or waiting analysis in a labora- 
tory. Gas sample containers and the lines to an analysis de- 
vice should always be heated prior to analysis. Heating times 
and temperatures should be sufficient to ensure that any con- 
densed hydrocarbons are revaporized before an analysis is 
started (see 14.1,16.3). 


14.110 Sample Vessels 
14.1.10.1 GENERAL DESIGN CONSIDERATIONS 


A samnle container is the vessel used to hold a gas sample 
until the gas composition can be determined. The containcr 
should not alter the gas composition in any way nor affect 
the proper collection of the gas sample. The materials, 
valves, seals, and other components of the sample container 
must all be specified with this major consideration in mind. 
In addition to the mechanical components of the container, 


the cieaning and handing of the container must be careruly 
performed to ensure that no contamination of the gas sample 


Sample containers should be labeled with an identification 
number and maximum working pressure. The date of the last 
physical inspection must either be included on a cylinder la- 
bel or be filed in readily accessible records (see 14.1.17). 


A general description of sample containers may be found 
in the latest revision of Gas Processors Association (GPA) 
Standard 2166. 


14.1.10.2.1 Single— and Double—Valve Cylinders 


Use sample containers that ensure maximum safety and 
are corrosion resistant to the product being sampled (see Fig- 
ure 4). Stainless steel containers are recommended to mini- 
mize problems of absorption and/or adsorption of heavy 


nis (hoxancs and heavier components) ang to min. 


components (hoxancs and heavier components) and to min- 


comp: 
imize the reaction of contaminants with the container (see 
14,1,12.1). If the container is to be transported, it must meet 
U.S. Department of Transportation (DOT) specifications and 
be labeled according to DOT hazardous materials regula- 
tions and state regulations. The container may be of the one- 
valve or two-valve type (depending upon the sampling 
procedure selected). Sample containers and valves must 
have aworking pressure equal toor or exceeding t _ maximum 
pressure anticipated in sam g 

the sample container. Soft-seated valves are Steals to 


those havitic metal-to-ietal Seats. "The siz’ of the container 


depends upon the amount of sample required for the labora- 
tory tests that are to be made. 


14.1, 


2.2 Fi 


ing Piston Cylinders 


A floating piston cylinder container (see | Figure 5) is con- 
Sirucied of metal tubing, foned and polished on the inside 
surface. The cylinder should be closed with removable end 
caps to provide access to 
ton. The end caps are drilled and tapped for valves, gauges, 
and relief valves. The cylinder must be designed to with- 
stand the maximum pressure anticipated during sampling 
and to be nonreactive to (a) materials being sampled; (b) the 
pressurizing fluid; (c) the cleaning solvents, and (d) the ex- 
pected corrosives. The volume of the cylinder will depend 
on the amount of sampie needed for the iaboratory anaiysis. 
If the container is to be transported, it must meet DOT spec- 
Hications and be labeled according to the federal hazardous 


ifications and be labeled according to the federal hazardous 


move and service the moving pis- 


materials regulations and applicable state regulations. 

The cylinder itself contains a moving piston equipped 
with O-rings, Teflon rings, or other devices to effect a leak- 
free seal between the sample and the pressurizing fluid and 
still allow the piston to move freely within the cylinder. The 
use of guide rings is recommended to ensure smooth piston 
travel. The piston and sealing device must be nonreactive to 
(a) the sample; (b) the Pressurizi ig fluid; (c) the cleaning 


ane a thatsac 
enis in the gas. 


solvents, and (d)} expected corrosive comy 


All valves and safety devices must meet the appropriate 


sure reliefs may be of spring or rupture-dise type. These ak 
low a partial or complete loss of contents due to thermal 
expansion or overpressurization. Should relieving occur, the 
sample may be compromised and should be discarded. 
Some piston-type cylinders are fabricated from nonmag- 
netic materials such as 300 Series stainless steel. The piston 
iikewise is fabricated of siainiess sieei but has magneis ai- 
tached to the precharge side of the piston. As the piston 


ee ee 
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Standard sample 
container 


oo Fitting 1/4" NPT 


Extension tube 2’ ta 4’ long 
belore coiling 


Y Al (1/," staintess steel tubing) 


— 


3 
2 “a Blow down valve 


Figure 4—Typical Double-Valve Cylinder 
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moves the length of the cylinder, the magnetic field gener- 
ated by the magnets flips a series of bicolored flags. This 
system (or systems of similar configurations) indicates the 
piston position and volume of sample in the cylinder. 

Some piston-type cylinders are fabricated with a rod at- 
tached to the piston which extends through the end cap on 
the inert gas back-pressure chamber with appropriate sealing 
devices to prevent the inert gas back-pressure from leaking. 
The travel rod provides an indication of ihe pision posiii 
and the volume of the cylinder filled with the sample. Again, 

: st. 


HL 


ers are available 
which have no visual method of determining the sample vol- 
ume directly. For these cylinders, a magnet or some other 
type of locating device is necessary to follow the movement 
of the piston. 


14.1.11 Heat Tracing and Insulation 


The need and reasons for heat tracing and i In 
pling equipment is discussed in 14.1.5.4.2 and 14.1.9.2. 

Electrical heat tracing should be self-limiting and meet all 
electrical area classification requirements for the intended 
service, Additionally, all electrical equipment must meet 
electrical codes for the intended service area. Steam heat 
tracing may be used, provided the steam lines meet all appli- 
cabie standards. 


14.1.12 Materiais for Sweet and Sour 
Gas Service 


14.1.12.1| GENERAL CONSIDERATIONS 


The types of materials used in a sample system will de- 
pend on the gas being sampled. Generally, it is recom- 
mended that stainless steels should be used for all wetted 
surfaces. Valve seats and piston seals should be made of soft 
materia] appropriate for the intended service. Sampling of 
HS, CO», wet- and high-temperature gases present addi- 
tional material problems. These types of gases will some- 
times require special materials and coatings in the sampling 
system. It is recommended that sample cylinders used in 
sour gas service should he either Teflon or enoxy coated. Oc- 
casionally sample cylinders may be glass or ceramic-lined. 
However, such cylinders may be absorptive or adsorptive 
under certain conditions. Very reactive components, such as 
hydrogen sulfide, should be analyzed on-site when practical 
since even coated vessels may not eliminate all absorption or 
reaction of the contaminants. The use of soft metals such as 
brass, copper, and aluminum should be avvided in a sample 
system because of excessive corrosion rates and other metal- 
1 


sibility of sulfide stress corrosion cracking far each sampling 
system must be considered, and the service life of the equip- 
ment reduced to account for corrosion. National Association 
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Product inlet Purge valve 
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Figure §5—Typical Floating Piston Cylinder 
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of Corrosion Engineers? (NACE) standards or other appropri- 
te 


standar 


14.1.12.2 CARBON STEEL 


Carbon steel and other relatively porous materials may re- 


tain heavier comboncnes and contemmanta auch as:CO5/N5, 


and H3S in the natural gas stream and should not be used in 
a sampling system. Reaction of carbon steel with the compo- 
nents frequently found in natural gas will cause errors in the 
gas analysis and also high corrosion rates. These problems 
are particularly acute in wet, sour gas sampling. Corrosion 
tates in a carbon steel sample system may be sufficient to 
cause particulate contamination of the sampling system 
valves, filters, and analysis equipment. 


14.1.12.3 DISSIMILAR MATERIALS 


Using dissimilar materials in a sample system may cause 
increased rates of corrosion and may result in le er- 


1 ofa 2s for 
‘al samples of a gas for 


rors. When taki 
rors, When taking sc 


analysis, the same cylinder material should be ey Using 
the same material reduces the likelihood that the gas will re- 
act differently with each sampie cylinder. 


14.1.13 Other Apparatus 
14.1.13.1 SEPARATORS 


Separators may be used in a sampling system to cnsure 
that any free liquids that may have been collected by the 
sample probe do not enter the sample cylinder. A typical sep- 
arator is shown in Figure 6. When using a separator, care 
must be taken not to condense gas in the separator due to a 
change in pressure or temperature of the gas sample. Use of 
this apparatus can create serious inaccuracies if precautions 
are not taken to ensure that the sample is taken at line tem- 
perature. Ideally, a separator would not be required in a sin- 
gle-phase line. Care should be taken whenever 0 one is PERE 

di 


that promote condensation or absorption should be allowed. 
Separators may he either purchased or fa 
fittings as shown in Figure 6. 


‘cated from pine 
cated [rom pip 


14.1.13.2 TIMERS 


Tix 

Tir ¢ proporti 
actuate the sample system and collect a ample at the desired 
intervals, 


1s are used on ti 


14.1.13.3 FLOW COMPUTERS 
Flow computers or flow indicators may be used on a sam- 


ple system to provide an indication of the flow rate to a flow 


aN 
Texas 77218-8340. 
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proportional sample system. Flow computers and flow indi- 


Sparen! 


areas of their intended use. 


clectrical standards for the 


14.1.13.4 POWER SUPPLIES 


Systems requirmg a power supply must meet appropriate 
electrical standards and should have a backup power source 
avaiiabie in case the primary power source fails. 


14.1.43.5 PRESSURE GAUGES 


Gauges should be calibrated or compared to a certified 
pressure standard on a regular schedule to ensure accuracy. 
This is particularly important in reduced pressure sampling 
methods. 


14.1.14 Spot Sampling Methods 
14.1.14.1 GENERAL 


The standard procedures recommended for spot sampling 
are contained in the latest revision of Gas Processors Asso- 
ciation (GPA) Standard 2166. The scope of GPA Standard 
2166 does not include composite gas sampling. 


14.114.2 METHODS 


GPA Standard 2166 allows the following eight different 
methods which, with certain cautions, are accepted by APL 
These methods are the following: 


Evacuated container method. 
Reduced pressure method. 
Helium pop method. 

Floating piston cylinder method. 
Purging—fill and empty method. 
Water displacement method. 
Glycol displacement method. 
Purging—contro 


rig ho BOTS 


d Gor diy gas only). 


CAUTION: For the water displacement and glycol displace- 
ment methods, water may absorb or desorb CO, , H2S, and 
other components depending on the water quality and the 
contact time. Using distilled waier will preveni desorption. 
but not absorption, of CO; or other components. Heavy hy- 
drocarbon components may be absorbed also. The 
ment fluid may contaminate the chromatograph sample 
systems and columns as well, 


CAUTION: For the purging—controlled rate method (see 


mulate i in the coiled extension tubing on the outlet of | the 
sample cylinder. This liquid accumulation should not occur 
in dry gas streams, 
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Figure 6—Sampling System With GPA Separator 
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Figure 8— Purge Times for Coniroiied Rate Method 
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Figure 3—Purge Times for Controiied Rate Method 
(0.209-inch Diameter Flow Tube) 
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14.4.14.2.1 


When using the evacuated container method, the valves 
and fittings on the sample cylinder must be in good condi- 
tion and there must be no leaks. If liquids may condense in 
the cylinder (cylinder temperature less than the line temper- 
ature), the reduced pressure method is recommended. 


Evacuated Container Method 


14.1.14.2.2 Reduced Pressure Method 


The reduced pressure method is similar to the evacuated 
container method cxcept that instead of allowing the cylinder 
to come up 10 line pressure, it is slowly filled to a point ap- 
proximately one-third line pressure. 


Note: Phase cquilibria data mus! be considered for most accurately deter- 
mining phase change conditions. 


Reduced pressure is necessary because when the sample 
cylinder temperature is lower than the lime temperature, the 
sample pressure must be at a lower pressure to prevent con- 
densing in the sample cylinder. 


14.1.14.2.3 Helium Pop Method 


The helium pop method is similar to the evacuated con- 
tainer method except that 2 helium charge is used to keep the 
container free of air prior to sampling. 


14.1.14.2.4 Floating Piston Cylinder Method 


It is generally agreed that a sample drawn into a variable 
volume sample cylinder (floating-piston type) at pipeline 
pressure and with heat-traced sample lines gives analytical 
results that agree closely with a properly designed on-line 
analyzer (see Figure 5). The sample cylinder should be re- 
heated in the laboratory to a temperature necessary to ensure 
complete vaporization of any liquids in the cylinder as de- 
scribed in 14.1.16.3. 

Variabie volume sampie containers shouid have ihe foi- 
lowing features: 


a. They must be of sturdy construction and nonabsorptive 
to the sample. Their design pressure rating should exceed the 
highest pressure availabie at ihe facility where they may be 
used. 

b. A pision position indicator, which is a method to detect 
leakage of precharge gas, must be provided. 

c. Teflon seals or an equal. which require no grease for 
sealing or smooth operation of the floating piston, should be 
used. 

d. Silicon grease or other piston lubricants that may absorb 
or contaminate the sample should not be used. 

e, The preioad side of the cylinder shouid be ioaded with an 
inert gas that is different from the components in the stream 


heineg camnled and that wi n rT 
being sampled and thanwill nor effectanalutical-reculrs 


shonld a leak occur 
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Before the sampling operation is begun, the sample con- 
iainer and the assuciaicd piping should be purged by the fill 
and empty method. Then the precharge side of the cylinder 

d to line pressure to move the floating piston to the 


starting position. Care should be taken to avoid condensation 
and contamination during the purge procedure. 


The purging—fill and empty method is the most common 
because it is the simplest and requires ihe least equip: 


(see Figure 6 and Table 1). 


14.1.14.2.6 Vacuum—Gathering System Method 


In rich, low-pressure, or vacuum-gathering systems, the 
use of a sample collected on the discharge of a vacuum 
pump is recommended. The pump draws gas from the sam- 
ple point and discharges into the sample system. Before the 
sampie is coliected, both the oxygen content and the reiative 
density of the stream are measured using a portable oxy; gen 


representative of earlier samples and free of air contamina- 
tion due to leaks. Once the oxygen and gravity values are 
tecorded and accepted, the sample is collected using the 
standard GPA fill and empty sampling method. Pressure 
within the sample cylinder is maintained between 15 and 25 
pounds per square inch gauge to minimize condensation. It is 
extremely important that samples from such streams be 
heated in accordance with the recommendations in 14.].16.3 
if analytical results are to be repeatable and reproducible (see 
Figure 10). 


14.115 Automatic Sampling 
14.1.15.1 COMPOSITE SAMPLERS 
14.1.15.1.1 General 


Composite samples are automatically taken over an ex- 
tended period of time with the sampling rate proportional to 
flow rate or time. There are several composite samplers 
commercially available. Such units may be controlled by a 
timer or a flow proportional signal from the flow meter. A 
flow-proportional sampler is preferred. 


Table 1—Purge Cycles--Fill and Empty Method 


Maximum Gas Pressure in Container 
{pounds per square inch gauge) Number of Purge Cycles 


15S 29 13 
30-59 
60- 89 
90-149 
150-500 

>a 
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14.1.15.1.2_ Regulator Samplers 


A specially designed pressure regulator increases the pres- 
sure of collected sample in a sample cylinder from zero to a 
Maximum of line pressure during the sample period when 
the sample system is equipped with a high flow cutoff. Reg- 
ulator sampters are not recommended for iow-pressure lines 
or widely variable flow rates. 


14.1.15.1.3 Displacement Samplers 


The sample is displaced by a pump into a floating-piston 
cylinder at constant line pressure during the sampling period. 


14.1.15.1.4 System Considerations 


The preferred composite sampler is the displacement type. 
which pumps a sample into a floating piston cylinder at con- 


Sample 
cylinder 


Connect oxygen analyzer 
i or gravitometer to 
oa varity representative sample 


stant line pressure. The floating piston cylinder should be the 
same type as uscd for the spot sample described in 
14,1.10.2.2. The sample line between the sampling device 
and the collectioa cylinder shoutd be of aiinimum Tength. 
Except for very dry gases, the sample lines and sampler 
should be heat traced and insulated to avoid sample coaden- 
sation. If the sample system does not have a closed loop, the 
sampler should purge itself prior to pumping a sample inere- 
ment into the collection cylinder. 


14.1.15.1.6 Pacing the Composite Sampler 


In choosing the method to be used in pacing the sampler, 
the stream to be sampled is the primary concern. IF the 
stream being sampled varies widely in composition and flow 
rate, a proportional pacing mechanism, which can be acti- 
vated by an orifice or turbine meter, should be used. If the 


amt 


V¥acuum pump 


Sample 
it probe 
vr 
() u } 
! 
—_ u er 


Pipeline 


Figure 10—Vacuum Gathering System Method 
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stream has a constant composition or flow rate, a time pacing 
mechanism may be used. Provisions in time based systems 
must be made to stop sampling when there is no flow. 


14.1.15.2 CONTINUOUS SAMPLING 
14.1.15.2.1 General 


For continuous analyzers such as chromatographs and 
gravitometers, a closed sample loop should be provided to 
the analyzer and back to a lower pressure return point. The 
circulating flow to the analyzer provides a continuous side- 
stream of sample that is representative of the primary strearn. 
The primary metering system must not be bypassed by flow 


through the loon, 
fhrough the loon, 


14.1.15.2.2 System Considerations 


The analyzer should be located close to the sample point 
to keep the sample lines as short as possible. 

The closed loop for sample circulation should be \-inch 
to /-inch stainless stccl tubing. Except for very dry gases, 
the loop should be heated and insulated to avoid sample con- 
densation. The minimum flow rate through the loop should 
be sufficient to displace the sample system volume for each 
sample taken by the analyzer or one sample system volurne 
per minute. 

The sample system and probe shail be designed to prevent 


condensation and contamination. 


14.1.16 Laboratory Requirements 
14.1.16.1 LABELING 


It is essential for laboratory technicians to understand the 
source of a sample as well as the method utilized in its col- 
jection. Aiso, the pressure and temperature of the sar 
date of collection, and any other eee that is impor- 
tant to the laboratory should be 
curely attached to the sample goa but should not 
interfere with the utilization of the cylinder. Figure 11 gives 
an example of typical label information that is adequate and 
practical. 


Sample cylinders containing hazardous, flammable, natu- 
ral gas samples must be handled carefully. They nrust be pro- 
tected from physteal damage due to mishandling or accidents 


3 teak: 
AKA 


valves and fittines, Tran: 
ves and fittings. Transporting the 


cylinder requires compliance with DOT and other regulatory 
guidelines and recommendations including labeling require- 
ments, DOT-approved carrying cases or carrying cases that 
mect DOT requirements should be utilized for transportation 


of cylinders in the public domain. Sample cylinders should 
be capped, properly labelled, protected from overpressure 
due to thermal expansion, and protected from condensation 
produced by the 
recommended that all sample cylinders incorporate an over- 
pressure relief device, approved by the appropriate regula- 
tory agency. Regulatory restrictions are becoming more 
severe and enforcement of the regulations is becoming more 
thorough. 


14.1.16.3 HEATING SAMPLES 


Rich gas samples are likely to produce condensation dur- 
ing handling prior to analysis. To avoid a nonrepresentative 
analyses due to condensation within the cylinder during the 
handling of the sample, the samples should be heated uni- 
formly for a minimum of two hours by a convection oven or 
other safe method to a minimum of 140°F or 20°F to 50°F 
above the sample source temperature, whichever is higher. If 
condensation is present within the sampie cylinder when a 
portion al the sample is withdrawn for analysis, the results of 
will be biased and 


the analys 
pated that ‘sample cylinders will need to be heated above 
ed exist, special care must be taken 
to not overpressure the cylinder and to consider the effect of 
the heat on seals and other materials in the sample apparatus. 

Temperature controlled water baths are an acceptable 
method of heating sample cylinders for natural gas streams. 
Heat lamps and similar devices are not recommended since 
itis difficult to control the temperature of the cylinder. Ther- 
mostaticaily controjied heat tape may prove adeqi 


some situations, but ensure the tape is designed for use in a 
Use the lebel to verify that the can- 


€ it 


tents will not overpressurize the vessel when heated. Exer- 
cise care to avoid heating cylinders filied with fluids near 
their critical temperature or pressure, as the cylinder may be 
overpressured. 


14.1164 ANALYSIS 


Chromatographs should be calibrated with gravimetrically 
prepared standards prepared to very close tolerances and 
with compositions similar to the natural gas stream being an- 
alyzed. Standard gases should be maintained at least 20°F 
above their dew point temperatures at ail times. This recom- 
mendation applies as well to other devices such as gravito- 
meters, calorimeters, or densitometers. 

An acceptable, but not often used, method of determining 
icsponse factors is to inject the pure components expected in 
the mixtures to be analyzed into the chromatograph. This 
method assumes the linearity of the instrument has been es- 
tablished as outlined in GPA Standard 2261. Connect the 
pure component sample container to the sample injection 
system and evacuate the injection system to less than 1 mil- 
limeter of mercury. Using the partial pressurcs suggested in 
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SAMPLE FORM 
Facility Name: 
Company Name: z om 
Agreement Number: 
Sample Location: 
Sampled By: 
Date: 
Time: 
Sampled Fram: = Composite Pipeline 
Storage =a Other 
Sample Conditions: Pressure Temperature 
Relative Density (Specific Gravity) 
BTU (If Known) 
Sampling Method: Purge/Fill _ Waterdraw 
Piston Other 


The following information to be filled out by laboratory: 


Name of Laboratory: 


Date Sample Received: 


Date Sample Analyzed By: 


Witnessed By: 


Figure 11—Typical Sample Form 
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20 Guapter 14—NatuRal GAS FLUIDS MEASUREMENT 


GPA Standard 2261, inject duplicate samples of each pure 


If areas on duplicate runs agree within +1.0 percent, aver- 
age the areas and calculate the response factors as follows: 


K = (100 x P))/(A x Po) 


Response factor. 
Partial pressure in millimeters of mercury of pure 
component to the nearest 0. 
Po= Barometric pressure in millimeters of m mercury to ihe 
nearest 0.5 millimeter. 
A= Peak area in arbitrary units of pure component. 


ed Tesponse factors are not 
adequate for custody transfer applications, For facilities with 
streams of very different compositions, such as natural gas 
plants with rich inlet gas and very lean residue gas streams, 
separate standards should be maintained and utilized for 
each distinctly different stream. Utilizing published response 
factors in a chromatograph assumes that the chromatograph, 
its columns, and detectors are in perfect working order anid 
conditions are identical to experimental conditions that de- 
i 
assume the system is free of contamination or other compli- 
cations. Since this obviously is not always the case, pub- 
lished response factors are not adequate for performing 
calibrations of a chromatograph to be utilized in critical cus- 
tody transfer situations. 

It is also important to utilize response factors developed 
from calibrations performed using gravimetrically prepared 
standards to understand the condition of the chromatograph. 
A plot of response factors versus the mol 
the normal fractions should produce a straight line when 
graphed on log-log paper. If they do not, the columns or the 
detectors are not operating at optimum conditions, or the 
standard has been compromised, The functions programmed 
into the integrator or gas chromatograph may artificially alter 
response factors and may cause good factors to produce a 
curved line. This must be considered if pivots are iv be useful. 

Itis common to analyze natural gas streams on a compo- 


nent-by-component basis through nenmal C. and to aror 
nent-_by-compon rough normal C; and to gro! 


Cg+ components as a single value. Assuming the actual com- 
ponents heavier than C; have an equal value under the con- 
tract, characterization of these heavy ends is important only 
so that accurate physical constant valucs will be applied in 
the calculations utilizing the analysis. if the Cg+ components 
are not of equal value, then it becomes necessary to perform 
extended analyses to ensure proper payments are made. Typ- 
ically, chromatographs utilizing capillary columns are uti- 


lized to perform analyses of components beyond the C,+ 
lized to perform analyses of components beyond the Ce. 


¢ response factors. Py sd response factor 


range. Capillary column chromatographs are typically capa- 
ble of performing analyses through C,, components without 
much difficulty. 
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14.1.16.5 CLEANING SAMPLING CONTAINERS 


Sample containers must be purged and cleaned prior to 
each collection of sample, unless they are special passivated 
cylinders used to sample streams containing highly reactive 
components, Solvents, such as acetone, that do not leave a 


after dry’ gare generally a acceptable for rem: 


heavy ends contamination, although they may sometimes 
present hazards such as flammability and toxicity. Steam 
cleaning is generally acceptable only if the steam is clean 
and does not contain corrosion inhibitors, boiler water treat- 
ing chemicals, or other substances that may contaminate the 
sample cylinder. 

Nitrogen, helium, and dry instrument quality air are good 
examples of gases that may be used to dry or purge Sia 


which are free of deposits and heavy ends conta 
which are free of deposits and heavy ends contan 


Many laboratories leave a blanket of nitrogen, helium, or 
other gases in sample cylinders in order to protect the cylin- 
der from air contamination. The blanket gases and gases 
used to precharge or back-pressure sample cylinders must be 
carefully selected so that should leakage occur within the 
cylinder or should the sample be contaminated by these 
gases, the chromatograph wili not interpret the contamina- 
tion by these gases as being a part of the sample being ana: 
lyzed. For example, a chromatograph 
carrier gas will not detect helium gas left over from the 
ingle cavity cylinder or helium leaking by 
the piston in a piston cylinder. 

If analysis of sulfur components is intended, steam shall 
not be used to clean stainless steel cylinders. Sulfur species 
will be readily absorbed by the cylinders and the analysis 
will dramatically understate sulfur levels. Samples to be an- 
alyzed for their sulfur contents need to be collected in spe- 


ated cylinders dedicated for that 
ated cylinders dedicated for that 


heli 
helium as a 


prechares 


cial, lined ¢ 
purpose. Teflon- Tined cylinders, valves, and fittings, are of- 
augh phenolic linings have been utilized re- 
cently with good success. The entire wetted surface of the 
sample container and its secondary components should be 
coated. Coating the cylinder, but not the vatves, fittings, or 
telief devices, may not be sufficient protection. 

The sample loop, including any separator m the system, 
must be thoroughly purged and be cleared of contaminants 


and accumulated li 


Py a7 
1 Vi 


Satan, 
satiety 


Precaution should be taken to ensure that safe practices are 
employed. All applicable Occupational Safety and Health 
Administration (OSHA) regulations should be consulted. 

Sample probes, cylinders, lines, sampling separators, and 
valves should have working pressures above the sample 
source pressure. Comes: 

ource pre: mpos: 
velocities must be carefully considered when specifying 
hardware for the sampling system. Copper tubing and fit- 
tings can be hazardous. Copper plumbing should be used 


eV 


I 
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Section 1—COLLEGTING AND HANDLING OF NATURAL GAS SAMPLES FOR GuSTOOY TRANSFER ai 


with caution and inspected frequently for bad connections. 
flattening, and kinks. Systems with pressures over 1000 
pounds per square inch or gas containing hydrogen sulfide 
should be plumbed 


should be pl: 


tk stainless stee! tubing. 


During sampling, sample transferring, and cspecially dur- 
ing purging, a total commitment to safety precautions is 
mandatory. Smoking, open flames, vehicles with motors run- 
ning, use of matches, and use of nonexplosion proof electri- 
cal devices in the area are not permitted. Caution must be 
exercised when purging and sampling to prevent forming a 
hazardous atmosphere. Special precautions should be taken 
if hydrogen sulfide is present (see Appendix A). 
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Cylinders shall be protected from damage and checked for 
icaks prior to plugging. Over tightening valves with 
wrenches is unsafe, Hand tightening of valves is sufficient. 
Repait, replace, and test valves before use. Depressuring 
sample containers may produce low temperatures and high 
fluid velocities that must be consi ad, 

The transportation and construction of the sample con- 
tainer is strictly regulated by the Department of Transporta- 
tion, 49 Cade of Federal Regulations, the U.S. Coast Guard, 
and the Federal Aviation Administration. Transportation of 
Uiese cylinders must adhere to the guidelines set forth in 
their regulations. 


I 
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APPENDIX A—HYDROGEN SULFIDE WARNING 


Inhalation of hydrogen sulfide (H2S) at certain concentrations can lead to injury or death. 
HS is an extremely toxic, flammable gas which may be encountered in the production and 
processing of gas well gas, high-sulfur-content crude oil, crude oil fractions, associated gas, 
ier than air, it can collect in low places 
It is colorless and has a foul, rotten-egg odor. In low concentrations, it is detectable by its 
characteristic odor. Smell cannot be relied upon to forewarn of dangerous concentrations 
however, because exposure to high concentrations of the gas (greater than 100 parts per m 
lion) rapidly paralyzes the sense of smell. A longer exposure to lower concentrations has 
a similar desensitizing effect on the sense of smell. 

z e exposure to hydrogen sulfide causes death by poisoning the respiratory system 
at the cellular level. There is some indication that the presence of alcohol in the blood ag- 
gravates the effects of H,S in acute poisoning cases, At low concentrations (10 to 50 parts 
1), OyS is irritating to the cyes and r 
exposures at low concentrations may lead to irritation of the eyes, nose, and throat. Symp- 
toms from repeated exposures to low concentrations usually disappear after not being ex- 
posed for an appropriate period of time. Repeated exposures to low concentrations that do 
not produce effects initially can eventually lead to irritation if the exposures are frequent. 

The sense of smell may be rendered ineffective by hydrogen sulfide, which can result in 

an individual failing to recognize the presence of dangerously high concentrations. 


and associated waters. Since HS 


eee 
still aii. 


Ty tract. Clos t-tenm 


aaiectmtl oul 
‘epeated, sl 
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